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CREDO

RED is focused on development of two-phase noble gas emission detectors with
single electron sensitivity to ionization and >100 kg mass of working media

As part of the program, the liquid xenon 5 kg model of the detector RED-1 is going
to be tested at the horizontal channel of the IRT MEPhI 2.5 MW research
reactor. The primary goal is to investigate scintillation and ionization yield of
liquid xenon stopping heavy nuclear recoils in the range of kinetic energy of
below 1 keV. The quasi-monochromatic neutron beam with average energy of
24+1.5 keV and 103cm?s? flux density has to be formed with aluminum-iron
interferential filter.

RED-100 is being developed for detection of neutrino coherent scattering off heavy
nuclei. Beyond probing the Standard Model the coherent scattering can be used
for development of a new generation of neutrino detectors monitoring active
core of industrial nuclear reactors on the subject of Pu to U ratio.



Emission Detectors



Quasi-free electron emission from nonpolar dielectrics
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Probability of emission of quasi-free electrons from some non-polar dielectrics
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1969-70 Emission method of detection
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1977 Emission streamer chamber
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1983 Emission Electrolum. Chamber
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“Wall-less” emission detectors
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“Wall-less” emission detector
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XerOn 10— New best fimit in 2007
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Separation of gamma and nuclear recolil signals

Nuclear recaoll oalibration (Casae data, 252Cf at 2.0 kV/%rré)

Electron recoil oalibration (Case data, 1338&1 at 2.0 kV/cm)
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Self-shielding
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Single electrons background

Spontaneous single electron
emission observed in
ZEPLIN-IIl, Xenon-10, RED-1

SE background rate:

» strongly depends on potential barrier at
the interface

» depends on intensity of radioactive
background (5 Hz spontaneous rate in
ZEPLIN-III, 40 Hz in RED-1)

*Single electron events could be
suppressed by cleaning interface with
tangential electric field

X-y positions of single electron events in a 12 kg emission LXe
detector ZEPLIN-IIl installed in the underground lab

Santos — arxiv 1110.3056v1




Single electron noise measured in RED-1 detector
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Single electron noise rate associated with radioactive

background measured in two different runs
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Coherent Neutrino Scattering



Coherent neutrino scattering off heavy nuclei
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The Hamamatsu RET78 PMT, used in the LUX experiment (left), and the R11410
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rure 3. SOLO counting spectra for R8778 (14 live days, blue) and R11410 MOD (19 live days,
[) PMTs, superimposed with a sample background run (21 live days, black). Strong lines in the
778 spectrum indicate the presence of Z*U, Z2Th, *’K and #Co. The reduced activity of the
1410 MOD is readily apparent from the lack of distinet features in comparison with the RE778.
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Detector response
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Conditions

Reactor Detector
P = 3000 MW Fiducial ~100 kg Xe
L=19m PMT QE ~ 30%

® =1.35-103 cm=s't Sensitivity ~ 80 phele-
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10 number of phntnelectrmlug
Simulated count rate in the RED100 detector located at 19 meters from
the KNPP reactor core associated with the 100 Hz (A) and 10 Hz (B)
single electron emission noise and with the neutrino coherent

scattering (C).
For 23e rate 433 events/day
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rate, 1/day/100kg/10phe

102 Component (material) 28U [ 282Th [40K | 60Co [ 187Cs
- PMT 0.4 0.3 83 | 2.0
i mBg/unit

10 — Cryostat (Titanium) 0.2 0.25 | 0.93
= mBqg/kg
- Reflector (Teflon) 2 2 15 5 1
i mBq/kg

e PMT support/heat 2 1 4 1 0.5

- exchanger (Copper)
- - mBa/kg

10-1 S ..........

10
number of photoelectrons

Simulated count rates of backgrounds caused by radioactivity of detector
components (A), by neutrons from cosmic rays (B) in comparison with the count
rate from the neutrino coherent scattering (C) in the RED100 detector located at 19
meters from the KNPP reactor core.
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Nowtrino spectra, 100ms After Bounce
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Coherent Neutrino Scattering
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RED-100 @ SNS

Ground shielding
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RED-100 @ SNS
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(B) single electron emission noise and with radioactivity of detector components (B), by
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comparison with the count rate from the neutrino

For 23e annual rate 1400 events coherent scattering (D).



Conclusion

m Emission two-phase detectors look suitable for detecting
Coherent Neutrino Scatter (CNS)

m Measurement of the ionization yield for nuclear recoils
below ~keVr energies is a key step toward the experiment
on observation of CNS

m Single-electron noise is a factor limiting sensitivity of LXe
emission detectors



Cryogenic Xe Detector with Transition Edge Sensors
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" S SXe

TES array

TES array
TES array

WIMP TES array

DETECTING SCINTILLATION AND PHONONS

No electrical field - effective recombination
First signal = photons - trigger
Delayed signal = phonons - Energy

Time analyses > X, Y, Z B EE S00s A

44




